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In this issue of Cell Host & Microbe, Murata-Kamiya and colleagues (Murata-Kamiya et al., 2010) report
that the gastric pathogen Helicobacter pylori uses the plasma membrane component phosphatidylserine
to facilitate translocation of the CagA virulence factor into host cells to establish a successful infection.Approximately half of the world’s popula-
tion is thought to be infected with Helico-
bacter pylori, and chronic infection can
lead to gastritis, peptic ulcers, and gastric
cancer. Strains of this bacterium that
contain a type IV secretion system
(TFSS) encoded by the cag pathogenicity
island (cag-PAI) are much more virulent
than those that lack this genetic element.
The main function of the TFSS is to deliver
the H. pylori virulence factor CagA into
host cells where it becomes phosphory-
lated on conserved C-terminal motifs
and goes on to modulate a large number
of host signaling pathways (Amieva and
El-Omar, 2008). Although it has long
been established that the cag-PAI is
important for H. pylori pathogenesis, the
precise mechanism by which CagA is
translocated into host cells remains
unknown. In this issue of Cell Host &
Microbe, Murata-Kamiya et al. (2010)
provide insight into this mechanism by
demonstrating that specific interactions
with the plasma membrane lipid phospha-
tidylserine (PS) are crucial for the delivery
of this virulence factor and its subsequent
localization within host cells (Figure 1).
Lipids play important and increasingly
well-appreciated roles in a variety of
signaling pathways. Binding, localization,
and chemical modification of lipids all
serve as mechanisms by which proteins
can couple to the local lipid environment.
The most important signaling lipids are
the phosphoinositides, formed by
different phosphorylations of phosphati-
dylinositol. All are negatively charged to
varying degrees and are present at very
low concentrations in the membrane
(Lemmon, 2008), enabling many-fold local
enhancements of concentration upon
stimulation of the relevant pathway.338 Cell Host & Microbe 7, May 20, 2010 ª20More abundant but less chemically versa-
tile lipids are also involved in signaling,
such as PS (Stace and Ktistakis, 2006),
the focus of the work by Murata-Kamiya
et al. (2010). PS is a negatively charged
phospholipid normally enriched in the
cytoplasmic leaflet of the plasma
membrane. Exposure of PS at the
external leaflet serves as an indicator of
apoptosis, triggering a diverse set of
extracellular responses and functioning
as a signal for phagocytosis (Zwaal
et al., 2005). Inside and outside the cell,
various proteins interact with PS lipids
via both generic electrostatic interactions
with negatively charged lipid headgroups
and specific protein-PS interactions
mediated by well-defined structural
domains (Stace and Ktistakis, 2006).
Given the utility of lipids for cellular
signaling, it is not surprising that
numerous pathogens have evolved
means of hijacking lipid signaling for their
own ends. In most cases, this involves
phosphoinositide-dependent pathways.
Murata-Kamiya et al. (2010) show that
H. pylori makes use of host cell PS in
several intriguing ways.
Upon initiating contact with host cells,
H. pylori induces the rapid appearance
of PS on the external leaflet of the plasma
membrane where it remains localized at
sites of bacterial attachment. This PS
externalization occurs independently of
the cag-PAI and is not accompanied by
other cellular changes associated with
programmed cell death. Similar PS exter-
nalization has been described during
infection with several other pathogens
(Goth and Stephens, 2001; Se´miramoth
et al., 2010), indicating that it may repre-
sent a more general host response to
certain bacteria. Murata-Kamiya et al.10 Elsevier Inc.(2010) show that externalized PS is
involved in CagA entry into host cells.
They discovered that CagA binds di-
rectly and specifically to PS through
a conserved motif found near the center
of the protein. Blocking CagA-PS interac-
tions by either masking externalized PS
through treatment with the PS-binding
protein annexin V or mutating the PS-
binding motif in CagA interfered with
delivery of CagA into host cells. The
minimal nature of the PS-binding motif
suggests that other features of CagA
may be involved in membrane binding. It
was recently discovered that CagA is
a largely unstructured protein that may
become stabilized upon binding to host
cell proteins (Nesic´ et al., 2010). One
possibility is that CagA’s lack of structure
creates a hydrophobic region that facili-
tates binding to the membrane in addition
to the specific interaction with PS. Similar
combinations of specific binding and
nonspecific hydrophobic interactions are
employed by many phospholipid-binding
proteins (Stace and Ktistakis, 2006).
Internalization of extracellular mole-
cules typically involves clathrin-, dynamin-,
Cdc42-, or Arf6-dependent mechanisms
or macropinocytosis. Surprisingly, Mur-
ata-Kamiya et al. (2010) show that none
of these are required for host cell CagA
internalization, which therefore appears
to involve an as yet unknown method of
endocytosis. Once inside the cell, CagA-
PS interactions were again found to be
important, this time in the context of local-
ization. Mutation of the PS-binding motif
of CagA prevents its membrane localiza-
tion in polarized cells. This subcellular
distribution has a functional conse-
quence, since the mutant form of CagA
can no longer inhibit host PAR1 to induce
Figure 1. The Role of PS in Mediating Translocation and Localization of the CagA Virulence
Factor during H. pylori Infection
H. pylori induces rapid externalization of PS onto the outer leaflet of the host cell plasma membrane, where
it colocalizes with bacteria adhered to the cell surface. The CagA virulence factor can then interact specif-
ically with externalized PS through a conserved motif in order to facilitate its translocation into host cells.
Once internalized into polarized epithelial host cells, CagA localizes to the plasma membrane by binding to
PS located on its inner leaflet. The CagA-PS interaction is required for induction of junctional and polarity
defects in H. pylori-infected host cells.
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extrusion of cells from a polarized mono-
layer. CagA is not membrane localized in
nonpolarized cells but instead remains
cytoplasmic upon translocation. This
finding demonstrates the importance of
host cell context for CagA function and
could indicate that CagA is binding to
and interacting with a different repertoire
of proteins in nonpolarized cells that may
stabilize a protein conformation that
masks its PS-binding domain or hydro-
phobic regions.
The finding that H. pylori uses the
plasma membrane component PS to
deliver CagA into host cells is interesting
in light of recent evidence that lipid rafts
also appear to facilitate this delivery.
These cholesterol-rich microdomains
within the plasma membrane localize to
sites ofH. pylori attachment and are asso-
ciated with translocated CagA during
infection. Disruption of lipid rafts by
depletion of cellular cholesterol inhibits
internalization of CagA into host cells
(Lai et al., 2008; Murata-Kamiya et al.,
2010). Given these striking similarities
between CagA’s association with lipid
rafts and its interaction with PS, along
with data demonstrating a correlationbetween PS and lipid rafts (Pike et al.,
2002), it is interesting to speculate about
how these two plasma membrane
components might cooperate during
H. pylori infection. It was recently shown
that disrupting lipid rafts prevents PS
externalization induced by a fimbrial
adhesin protein on enterovirulent E. coli
(Se´miramoth et al., 2010), which further
suggests a potential role of these plasma
membrane structures with respect to
bacterial manipulation of PS. It will be
interesting to investigate whether other
plasma membrane components or struc-
tures, such as lipid rafts, are required for
PS externalization and specific binding
to CagA in addition to their role in deliv-
ering CagA into host cells.
Bacterial interactions with the host cell
plasma membrane represent an impor-
tant aspect of the infectious process of
pathogens, yet they remain poorly under-
stood. The recent work by Murata-
Kamiya et al. (2010) demonstrates that
H. pylori induces PS externalization on
host cells and subsequently makes use
of this membrane component to deliver
the CagA virulence factor. Since several
other pathogens have been shown to
elicit PS externalization upon contactCell Host & Microbwith host cells (Goth and Stephens,
2001; Se´miramoth et al., 2010), this
phenomenon may represent a more
general host response to bacteria that
functions as a signal for phagocytosis of
infected cells. Indeed, in the case of
neutrophils infected with enterovirulent
E. coli, blocking externalized PS inhibited
the phagocytosis of these cells by macro-
phages (Se´miramoth et al., 2010). It is
possible that H. pylori has exploited this
host cell membrane response in order to
facilitate translocation of CagA. It will be
of interest to learn whether different
bacterial pathogens elicit PS externaliza-
tion through similar host pathways and
whether other bacterial TFSSs utilize
similar lipid-mediated mechanisms for
the translocation of effector molecules.
When bacterial and host cells interact so
intimately, deciphering who is responsible
for what can get a bit sticky, but further
mechanistic studies should shed light on
which aspects of PS membrane perturba-
tions are orchestrated for the benefit of
the host and which have been co-opted
by the bacterium.REFERENCES
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